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The eight strains of F. langsethiae were inoculated using 7 day old cultures by taking 113 agar discs (4 mm diameter) with a cork borer from the growing margin of the colonies and 114 inoculating the treatment plates centrally. The a w treatments were incubated at different 115 temperatures (35, 30, 25, 20, 15 and 10 ºC) for 10 days. All experiences were carried out with 116 three replicates per treatments, and in some cases repeated twice. 117 118
Reagents and standards. 119
Trichothecene standards, including T-2 and HT-2 were supplied by Sigma (Sigma-Aldrich, UK). 120 T-2 standard was dissolved in acetonitrile at a concentration of 2.0 mg mL -1 and stored at -26 121 ºC in a sealed vial until use. HT-2 standard solution in acetonitrile was purchased at a 122 concentration of 100.2 µg mL were prepared by appropriate dilution of known volumes of the stock solutions with 124 acetonitrile and used to obtain calibration curves for LC-DAD analysis. Acetonitrile and 125 methanol were purchased from Fisher Scientific (Fisher Scientific UK Ltd., UK). All solvents 126 were HPLC grade. Pure water was obtained from a Milli-R/Q water system (Millipore, Billerica, 127 MA, USA) and used when water was required. 128 7 methanol:water (80:20 v/v Data on toxin production were tested for normality using the Shapiro-Wilk test. Due towere examined by the Kruskal-Wallis analysis of ranks. Analysis was performed for all data 166 sets, including the 8 strains, and also for each strain individually. In order to compare strains 167 from the same origin, t-tests were used. 168
Profiling graphs were performed using Sigma Plot v.10.0 (Systat Software Inc. 169
Hounslow, London, UK). 170 171
Results

172
3.1. Effects of temperature and water activity on T-2 and HT-2 production. 173
Effect of a w in the production of both mycotoxins individually is shown in Figure 1 . This shows 174 that reducing a w from 0.995 to 0.95 produced a decrease in the mean production of both T-2 175 and HT-2 by a factor of approx. 17 and 20 respectively. No toxin production was found when 176 the a w treatment was <0.93. The effect of the a w was studied for the whole data set by Wallis analysis of ranks and this showed a statistically significant differences between the 178 different a w levels examined (p<0.001). Statistical analysis of each strain gave the same results, 179
showing the influence of water activity on all strains examined. In this case the p-values ranged 180 from 0.0014 to 0.0078. 181
An example of the effect of temperature on T-2 and HT-2 production is shown in Figure  182 2. There was an up to 50% reduction in production of both the toxins at 10 o C when compared 183 with that at 20 o C and 0.995 a w . The Swedish strains appeared to be somewhat different as HT-184 2 production was higher at 10 than 20 o C. The effect of the temperature was studied for the 185 whole data set, including the 8 strains, by Kruskal-Wallis analysis of ranks and no significant 186 differences were found. Strain by strain analysis did not show any significance of temperature 187 as a factor with all the p-values >0.6078. Despite this lack of statistical differences, there was a 188 general trend in the behavior of F. langesthiae strains. Thus beyond the maximum production 189 point a decrease of temperature resulted in a decrease in toxin production.strains in relation to a w (from 0.93 to 0.995) x temperature (10-30ºC) are shown for each 192 country in Figure 3 . Generally, the means of the two English and Finnish strains showed very 193 similar contour maps for production which represent conditions of similar production levels. 194
Maximum production were reached when the temperature was 25ºC and the a w was 0.98, and 195 when the temperature was 20ºC and the a w 0.995 respectively. Also, in both cases, high 196 mycotoxin levels were observed at 30ºC at a slightly reduced a w of 0. 98. 197 Swedish strains appeared to produce higher concentrations of both T-2 and HT-2. In 198 this case maximum production occurred when a w and temperatures were 0.995 and 25ºC 199 respectively. Furthermore an increase was observed at 30ºC at 0. 
Examination of HT-2/T-2 ratios. 210
The ratio of HT-2 against T-2 toxin in each treatment condition was calculated using the 211 formula: 212
R= HT-2/ T-2 213
Results obtained showed a non-uniform distribution of HT-2 toxin at all the ecological 214 conditions. Overall, a substantial increase in R was observed in all strains studied underincreased when a w was decreased to 0.95 or 0.93. When temperatures where lower (10 and 218 15ºC) the R was higher when a w levels were 0.98 and 0.995. An example of this behaviour is 219 shown in Figure 5 . Thus, under marginal conditions HT-2 toxin increased in F. langsethiae 220 strains although growth rates were reduced by between 0.5 and 2.5 mm/day. 221 222 3.3. Intra-strain differences based on source of strains. 223
Homoscedasticity was checked using the Levene's and Brown-Forsythe's tests. Since variances 224
were not equal in some pairs, two different t-tests, one assuming equal and the other unequal 225 variances, were applied where appropriate to find possible differences in T-2 and HT-2 226 production in strains from the same country of origin. 227
Significant differences regarding toxin production were found between strains from 228 Finland (P-value=0.0247). No differences were observed between the strains from the other 229 three countries. 230 231 3.4. Inter-strain differences between countries of origin. 232
Kruskal-Wallis analysis of ranks using the country of origin as a factor was applied to the 233 data in order to find possible differences among countries. Since the p-value was 0.3487, no 234 significant differences were found regarding the mean toxin production between strains from 235 different countries of origin. 236 237
Discussion
238
This is the first study to examine the effect of ecological factors on the production of T-2 and 239
HT-2 and the T-2/HT-2 ratio by F. langsethiae strains from a range of countries. This has 240
provided new data which suggests that the variation between strains may be quite small, 241 although there are some exceptions. 242 and HT-2 production. Generally maximum toxin production occurred where mycelia growth 244 was under either a slight a w or temperature stress. These results agree with data from other 245 studies which have compared growth and toxin production by Fusarium species (Magan & 246 Lacey, 1984; Magan et al., 2002; Sanchis & Magan, 2004) . 247
Overall strains from England, Finland and Norway exhibited similar tolerances over a w 248 conditions of 0.995-0.93 for toxin production. Swedish strains showed a narrower toxin 249 production window with less produced at 0.98 a w , and practically almost none produced at 250 0.95 a w . Evidences of genetic variability has been reported in this species (Yli-Mattila et al., 251 2004) , supporting the possible existence of variability in ecophysiological performance at an 252 intraspecific level. 253
Interestingly, for changes in temperature, no statistically significant differences were 254 found. These results showed that F. langsethiae strains can produce T-2 and HT-2 toxins over a 255 wide temperature range of 10 to 30ºC, which were tested in this study. Some production may 256 occur at 5ºC with much longer incubation times but this was not tested. 257
Our results show that the optimum a w and temperature conditions for T-2 + HT-2 258 production was between 0.98-0.995, and 20-30ºC respectively. The optimum conditions for 259 Type A trichothecenes have been previously described in different substrates for related 260 species such as F. sporotrichioides and F. poae. Other authors have studied the production of 261 type A trichothecenes by these species and concluded that moderate rather than warm 262 temperatures were optima for these toxins. Also the optimum production conditions varied 263 depending on the substrate and toxic metabolite. As an example, F. sporotrichioides-infected 264 maize, wheat and rice grains contained more type A trichothecenes when a w was 0.99 and 265 were incubated at 20ºC (Miller, 1994; Mateo et al., 2002) . Recently Kokkonen et al. (2010) 266 have studied toxin production of F. langsethiae on a mixed cereal medium under 3 267 environmental regimes (0.996, 0.96 aw) and described maximum production of T-2 and HT-212 at a w 0.996 and 15 o C. However, they did not include 0.98 aw which we found to be optimum 269 for production. 270
In their reports, JECFA and EFSA concluded that the toxicity of T-2 toxin in vivo is 271 considered to include that of HT-2 toxin and the results of studies with T-2 toxin are used to 272 approximate the effects of HT-2 toxin (WHO/FAO, 2001; Schuhmacher-Wolz et al., 2010) . 273
Because of this, there has been interest in the total sum of both toxins. However, we have also 274 examined the ratio of these two toxins. This suggested that this ratio may change as water 275 stress conditions are imposed. Thus, we observed that more HT-2 toxin was produced when F. 276 langsethiae was under intermediate stress conditions, where some reduction in growth occurs, 277 but represent conditions which still allow toxin production. More investigation is needed to 278 evaluate whether HT-2 toxin is directly produced by the strains, or, whether under ecological 279 stress the fungus itself may degrade T-2, the main toxin produced, to HT-2. There are no 280 studies of the metabolic pathways of HT-2 in F. langsethiae but for F. sporotrichioides, a close 281 related species, a clear pathway has been proposed for the production of T-2 and also HT-2 282 (Meek et al., 2003) . On the other hand, degradation of T-2 to HT-2 has been described in F. The data obtained in this study on an oat-based nutritional matrix show that F. 286 langsethiae produces mainly T-2 toxin. This finding is in contrast to other studies that describe 287 a higher amount of natural samples contaminated with HT-2 and also higher concentrations 288 (Langseth & Runberget, 1999; Edwards, 2009) . However, these studies never examined the 289 effect of water or temperature stress. 290
In oat-based culture medium HT-2 was observed in small quantities. Our findings 291 suggest that the predominant toxin produced may be T-2 under most environmental 292
conditions. The amount of HT-2 could increase because of the imposed ecological stress 293 increasing the HT-2/T-2 ratio. Recent data supports our findings describing a switch from T-2 to 294 al., 2010). Partially, this may be due to T-2 being rapidly transformed to HT-2 by other 296 microorganisms, by the fungus itself or by the cereal. This possibility has been suggested by 297 Lattanzio et al. (2009) . These authors studied the natural bio-transformation of T-2 into HT-2. 298
Forty two per cent of the initial T-2 level was transformed naturally by the effect of 299 carboxilesterase (CXE) enzymatic activity after 120 minutes. Different transformation speeds 300 have been observed in different cereals; pointing out that the difference between them could 301 be the amount of CXE or the expression of isoenzymes having different affinities for T-2. This 302 enzymatic activity is also present in animal liver and is responsible for degradation in vivo 303 (Matsumoto et al., 1978) . This enzymatic effect could explain why in natural cereal samples 304 the toxin that is generally found is HT-2 instead of T-2. These differences regarding enzymatic 305 activities could be on the basis of differences that have been suggested in some studies 306 pointing out higher contamination with F. langsethiae and T-2/HT-2 toxin in conventional than 307 organically produced oats (Edwards, 2009) . with T-2/HT-2 found highest contamination in samples from the UK and Ireland while levels 311 from Scandinavia were usually lower. No differences were found regarding the toxin 312 production ability of strains of different origin. This supports the findings in the present study 313 that there is very little difference in ecology and toxin production by F. langsethiae strains 314 regardless of country of origin. This needs to be further tested by examining strains which have 315 also been found in Germany and France. 316
Recently Parikka et al. (2007) found differences on the percentage of infected kernels 317 depending on the cultivation practices. In this case Finnish cereals cultivated using directinfection rates by F. langsethiae in the plots and prevailing weather conditions. 321
In summary, the present study has detailed, for the first time, information on the 322 influence of interacting ecophysiological factors on T-2 and HT-2 toxin by strains of F. 323 langsethiae. Water availability appears to be very important in determining contamination 324 levels with these toxins. In contrast, they are produced over a wide temperature range. Often 325 oats are harvested late in the season when conditions are wet. Thus inefficient drying may 326 allow F. langsethiae to continue to colonise and increase contamination post-harvest. The 327 contour maps of the growth/no growth and toxin/no toxin boundaries are useful for 328 determining whether a high risk of contamination might occur post-harvest, and perhaps also 329 in the field during ripening, in small grain cereals generally, especially oats. Thus, this study 330 provides useful base line data on the conditions which represent a high and low risk for 331 contamination by these mycotoxins which are becoming of growing importance in Europe. 332 Fusarium langsethiae is an important mycotoxigenic species and has become very important in northern Europe in a range of small grains that appeared to be contaminated with high amounts of these toxins. Thus it was very important to understand the ecology and how control of these toxins can be achieved.
• In the present study we have detailed, for the first time, information on the influence of interacting ecophysiological factors on T-2 and HT-2 toxin by strains of F. langsethiae.
-Water availability appears to be very important in determining contamination levels with these toxins. In contrast, they are produced over a wide temperature range.
• Two dimensional profiles for optimum and marginal toxin production conditions have been built for two strains from each of four northern European countries (UK, Norway, Sweden and Finland) on an oat-based medium.
• It is the first time that, for this new species, contour map of the growth/no growth and toxin/no toxin boundaries have been built and will be published.
-These maps will be useful for determining whether a high risk of contamination might occur post-harvest, and perhaps also in the field during ripening, in small grain cereals generally, especially oats.
• For the first time the ratio T-2/HT-2 ratio has been studied for F. langsethiae. We have described the effect that environmental conditions have on this ratio increasing the production of HT-2 under stress regimes.
-This is the first time that the production of T-2 toxin as main toxins and the different possibilities for its transformation to HT-2 have been discussed.
Thus this study provides useful base line data on the conditions which represent a high and low risk for contamination by these mycotoxins which are becoming of growing importance in Europe. Also we provide interesting information that will enable further research to be carried out on this species. 
